J Vet Clin 25(2) : 96-101 (2008) Journal of

/| Veterinary Clinics

Quantification of Experimentally Induced-Pleural Effusion in Beagle Dogs:
Radiography versus CT and Ultrasonography

Ki-Ja Lee, I-Se O, Seong-Mok Jeong, Hee-Chun Lee*, Seong-Jun Park, Young-Won Lee and Ho-Jung Choi'

*College of Veterinary Medicine, Gyeongsang National University, Jinju 660-701, Korea
College of Veterinary Medicine, Research Institute of Veterinary Medicine
Chungnam National University, Daejeon 305-764, Korea

(Accepted: March 31, 2008)

Abstract : This study was performed to quantify the pleural effusion in radiography, ultrasonography and computed
tomography(CT) and to evaluate and compare the usefulness of these methods. Normal saline of 10 ml/kg was infused
into the pleural space until a final loading volume of 60 ml/kg body weight was reached in six Beagle dogs. The
radiographic examination was performed for the detection and quantification of pleural effusion. On the ultrasonographic
study, the maximum perpendicular distance was measured between the surface of the lung and the thoracic wall to
evaluate pleural effusion. On the CT image, pleural effusion was evaluated as the perpendicular distance to the thoracic
surface in the maximum pleural effusion volume on any transverse images with soft tissue window. Statistical analysis
was performed using linear regression test. The volume of pleural effusion and measurements of radiography and
ultrasonography had no statistical relationship. However, a significant correlation was identified between the volume
of pleural effusion and the depth at right (=0.715), left (*=0.745), and mean right and left depth ("= 0.844) on
the CT images. All of the thoracic radiographs, ultrasonography, and CT are useful in recognition of pleural effusion.
In quantification of pleural effusion, the CT measurement method is superior to radiographic and ultrasonographic

measurements.
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Introduction

The pleural space normally contains a small amount of
fluid that aids in transmission of forces and provides lubrica-
tion of the lung surfaces during respiration(10,15,20). Pleu-
ral effusion is an abnormal accumulation of fluid within the
pleural space and is a common clinical problem in human
and small animal(1,11,15,20). Pleural effusion is typically a
secondary phenomenon that is induced by underlying condition
such as cardiogenic, inflammatory, and neoplastic diseases(15,16).

Clinical signs associated with pleural effusion can vary
according to the etiology of the increased fluid volume, the
speed of fluid accumulation, and the volume of fluid
present(15,20).

Quantification of pleural effusion volume is important
because effusion size may impact on the decision of whether
to perform thoracocentesis, and possibly influencing the
approach used for the procedure. In human, one study dem-
onstrated that ultrasonographic measurement method was
preferable to radiographic measurement in quantification of
pleural effusions(6). Also, new formula was provided as a
method to estimate the accurate volume of pleural effusion
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with ultrasonography or CT in human(2,12). Previous study
approved that about 100 ml of fluid must be present in the
pleural space of a medium sized dog for visualization of wid-
ened interlobar fissures in radiographs(13). However, no
practical and applicable means for accurately quantifying
effusion volume in veterinary medicine have been described
In previous reports.

The purpose of this study is to quantify the pleural effu-
sion in radiographs, ultrasonographs and CT and to evaluate
usefulness of these methods.

Materials and methods

Experimental animals

Six adult Beagle dogs (body weight=15.8-9.0 kg, mean=
7.5 kg) without clinically abnormal signs related to the car-
diovascular and respiratory systems were studied. All dogs
were sexually intact (5 female; 1 male). Physical examina-
tions were performed on all dogs. Complete blood count,
serum biochemical analysis, thoracic radiography and
echocardiography were taken to evaluate the health condi-
tion of each dog.

Experimental fluid accumulation and diagnostic imaging
The dogs were premedicated with atropine (0.04 mg/kg,
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SC, Atropine sulfate inj.”, Jeil, Korea) and sedated with thiopen-
tal sodium (10-15 mg/kg, IV, Pentothal Sodium, Choongwae,
Korea) and maintained with 1soflurane during the experiments.

The dogs were positioned right lateral recumbency for
insertion of catheter at the left thoracic wall. A small flexible
catheter was inserted to the cutaneous tissue at tenth intercostal
space and was installed into the pleural space at the seventh
or eighth intercostal space. The catheter was filled with
saline and was closed in the atmosphere at the time of inser-
tion to avoid air entering the pleural space. After insertion,
the catheter was sutured with Roman's sandlion tie. The pro-
cedure was confirmed with radiography. During the each
scan series, normal saline of 10 ml/kg was infused into the
pleural space until a final loading volume of 60 ml/kg body
weight was reached. The dog was rolled twice directly after
infusion of normal saline and was taken the thoracic radiog-
raphy, ultrasonography, and CT in order. At the termination
of the experiment, we evacuated the saline from the pleural
space and recovered more than 50% of the volume infused.

The X-Omat® regular film (Kodak Co., U.S.A) was used with
intensifying screen for evaluation of thoracic radiographs.
The radiographic examination consisted of ventrodorsal(VD)
and left to right lateral projections.

Immediately afterwards, ultrasonography (Sonoace 8800,
Medison, Korea) was performed during expiration with the
patient complete dorsal recumbency. The 5 MHz sector trans-
ducer was applied at the laterodorsal part of the seventh or
eighth intercostal space using plexiglass table in left and right
thoracic wall, respectively.

The CT images were obtained with a third-generation
whole body scanner (CTmax”®, GE, U.S.A). The dogs were
positioned dorsal recumbency. Scans were taken at the end of
expiration to minimize motion artifacts. Each scan was 5 mm
thickness with 10 mm interslice gap. Scan time was 4.8 s/image.
The thoracic cavity including entire lung lobes was scanned.

Image evaluation

The radiographs were evaluated for the presence or
absence of the pleural effusion. Signs of pleural effusion on
thoracic radiographs were defined as: (a) increased homoge-
nous density of the thorax; (b) blunted costophrenic angle;
(¢) loss of the diaphragm silhouette; and (d) apical capping.
For the quantification of pleural effusion in radiographs the
sum of thickness of all fissure lines in VD view and the per-
pendicular distance of pleural effusion at the cranial part of
the heart in lateral radiographs were evaluated in each radio-
graphs. The maximum perpendicular distance (thickness) to
the upper fissure line was measured and was summed up the
measured fissure lines to evaluate the volume of the pleural
effusion (Fig 1). The perpendicular distance to the sternum at
the location adjoining to the heart was measured in lateral
radiographs (Fig 2).

The ultrasonographs were evaluated immediately after
radiographic study. The pleural effusion was identified as
having an anechoic structure and the maximum perpendicu-

i

Fig 1. Ventrodorsal radiograph in a dog with experimentally
induced pleural effusion. The maximum perpendicular distance to
the upper fissure line was measured and was summed up the
measured fissure lines.

R

Fig 2. Lateral radiograph in a dog with experimentally induced
pleural effusion. Perpendicular distance to the sternum at the loca-
tion adjoining to the heart was measured (white line).

lar distance (depth) between the surface of the lung was seen
as a hyperechoic reflector and the thoracic wall m right and
left intercostal space was measured (Fig 3).

The CT images were evaluated at soft tissue window (WW:
+300, WL: —40). On all transverse CT images, the maximum
perpendicular distance (depth) between the surface of the lung
and the thoracic wall was measured (Fig 4). The depth was
measured as the maximum numerical value at right and left
hemithorax, respectively.

After all image evaluations were completed, the corre-
sponding CT, ultrasonography and radiographic evaluation
were compared.
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Fig 3. Ultrasonography in a dog with experimentally induced pleural
effusion. The pleural effusion was identified as having an anechoic
structure and maxmmum perpendicular distance (dotted line) between
the surface of the lung and the thoracic wall was measured.

Fig 4. Transverse CT of the thorax in a dog with experimentally
induced pleural effusion. The maximum perpendicular distance
(depth) between the surface of the lung and the thoracic wall was
measured as the maximum numerical value on all transverse

images. The depth was measured right (right arrow) and left
hemithorax(left arrow), respectively.

Statistical analysis
Correlation between the volume of pleural effusion and the

measurements of X-ray, ultrasonography, and CT was exam-
ined by linear regression analysis.
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Results

On the basis of right lateral and VD view, the pleural effusion
was detected in all of the six dogs in each scan series. The radio-
graphic evaluation of pleural effusion was summarized in Table 1.

Increased opacity of the thorax and blunted costophrenic
angle were relatively accurate signs in diagnosing small
amount of pleural effusion. Detection of all four radio-
graphic signs in table 1 was found when the volume was
infused more than 40 ml/kg. The volume of pleural effusion
had no correlation with the sum of the thickness of all fissure
lines (r* =0.424), the perpendicular distance at the location
adjoining to the heart (r* = 0.270) in radiographs (Fig 5).

In ultrasonography, a correlation didn't exist between the
volume of pleural effusion and the depth at right (r* = 0.095),
left (> =0.134), and mean of each side (" = 0.106), respec-
tively (Fig 6).

On transverse CT images, a significant correlation was
identified between the volume of pleural effusion and the
depth at right (r2 = 0.715), left (r2 = 0.745), and mean of each
side (12 = 0.844), respectively. Especially, the mean of right
and left depth was more correlatable than the measurement of
each side in quantifying of the pleural effusion (Fig 7).

Discussion

Recognition of pleural effusions is usually based on thoracic
radiographs, ultrasonography, CT and MRI(4-6,8-10,17,21).
Radiography is an essential step in evaluating thoracic disease
including the pleural effusions(8,17, 21). However, radio-
graphs are notoriously inaccurate i quantifying effusion vol-
umes(6). In human, the presence of pleural effusions is
evaluated from supine radiographs using the following signs:
increased homogeneous density superimposed over the lung
fields, obliteration of the silhouette of the diaphragm, blunted
costophrenic angle, apical capping, and accentuation of the
minor fissure(7,18,19,22). In this study, ventrodorsal view
was performed because the VD view may be useful for evalu-
ation of pleural effusion in dogs(3,13). Radiographic evalua-
tion of pleural effusion was performed in the same manner
with human's evaluation except accentuation of the minor fis-
sure. The results of this study showed that increasing amounts
of pleural effusion resulted in improving detectability on VD
radiographs. However, radiographic signs had comparatively
low correlation with the volume of pleural effusion. Using
additional radiographic projections such as right lateral view

Table 1. Radiographic evaluation volume of pleural effusion in six dogs

No. of dogs by pleural effusion volume (ml/kg)

Radiographic findings

10 20 30 40 50 60

Increased opacity of thorax 3 4 6 6 6 6
Blunted costophrenic angle 1 4 5 5 4

Loss of the diaphragm silhouette 0 0 3 5 b 5

Apical capping 0 1 0 4 5 5
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Fig 5. Linear regression analysis of the relationship between the amount of the pleural effusion and the sum of thickness of all fissure lines
and the perpendicular distance to the sternum on radiography. A correlation didn't exist between the volume of pleural effusion and the sum
of thickness (* = 0.424) and the perpendicular distance (* = 0.270), respectively.
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Fig 6. Linear regression analysis of the relationship between the
maximum distance and the amount of the pleural effusion on
ultrasonography. A correlation didn't exist between the volume of
pleural effusion and the depth at left (* = 0.134), right (r* =0.095),
and mean of each side (r* =0.106), respectively.
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Fig 7. Linear regression analysis of the relationship between the
depth and the amount of the pleural effusion on CT. A significant
correlation was identified between the volume of pleural effusion
and the depth left (" = 0.745), right (" = 0.715), and mean of right
and left depth (r" =0.844), respectively. Especially, the mean of
each side was detected with high correlation.
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would have probably increased the accuracy of detection of
pleural effusion(3). The recognition of apical capping was
difficult because cranial thorax was piled up with scapula and
muscles of forelimb unlike human's musculoskeletal structure.
Also, quantification of pleural effusion was attempted on ven-
trodorsal and right lateral view respectively. The sum of the
thickness of the fissure lines in VD radiographs and the per-
pendicular distance at the location adjoining to the heart had
little correlation with the volume of pleural effusion. There
were several reasons for lack of correlation in predicting
effusion volume in radiographs. Mainly the shape and the
distribution of the pleural fluid accumulation influenced the
measurement of pleural effusion volume(6). Technical errors
including exposure condition of X-ray beam, measurements,
and animal’s position could be considered. Ultrasonography
1s useful in the detection of pleural fluid and in guiding inter-
ventional procedures such as thoracocentesis and placement of
drainage catheters(6,13). Previous study demonstrated that
ultrasonographic measurement method was preferable to
radiographic measurement in quantification of human’s pleu-
ral effusions(6). In this study, the volume of pleural effusion
in ultrasonography had no correlation with the depth by lin-
ear regression analysis at right, left, and mean of each side,
respectively. The discrepancy might be caused by the differ-
ent thoracic shape, scan angle, location of fluid pools
depending on position such as rotation and inclination, and
difficulty in detection of lung margin.

Thoracic CT scanning has been utilized in veterinary med-
icine gradually because it can provide additional information
that contribute management, therapy and potential follow-up
of patients. Also, CT can be used for further characterization
of pleural fluid type such as pleural exudates and transudates(3)
and may be used to guide interventional procedures(l, 21). A
formula was provided as a method to estimate accurately and
easily the volume of pleural effusion with CT in human(12).
In the present study, quantification of pleural effusion vol-
ume using thoracic CT was statistically significant correla-
tion with the depth at right, left, and mean of each side,
respectively. The mean of right and left depth was especially
detected with high correlation. The reason for this result was
considered that estimation of patient's position and confirma-
tion of pleural effusion margin in CT was comparatively easy to
ultrasonography or thoracic radiography. Also, it was easy to
measure the quantification of pleural effusion volume by CT.

The formula for quantification of pleural effusions from
thoracic CT was introduced as d°*/ (d: the greatest depth, l:
the cephalad to caudal length of an effusion) in human(12).
The fomula was inapplicable to the quantification of pleural
effusion 1n dogs with different thoracic cavity structure lead-
ing to the lower ratio of the thoracic depth to the thoracic
width than human’s. A limitation of this study is the lack of a
comparative study among the breeds possessed different
anatomy of thoracic cavity. Another limitation is that correla-
tion between the pleural effusion volume and measurement in
imaging 1s hard to foresee when the pleural effusion volume is

more over than 60 ml/kg.

In summary, thoracic radiographs should still be considered
the first line of imaging the thorax, however, can be indetermi-
nate in quantification of the pleural effusion volume because of
the difference in the shape of the pleural fluid accumulation.
Ultrasonography was easily performed in dorsal recumbency
and detected small amount of pleural effusion. However, 1t was
not a suitable method for quantification of pleural effusion in
this study. It was thought that CT is more useful and rehable
method than radiography and ultrasonography for quantifica-
tion of pleural effusion volume.
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